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TESTS OF PAVING BRICK. 

g 2. The materials for the following experiments were collected 
by the writer, but the larger part oE the experiments on the brick 
were made, under the writer's direction, by one of his students, 
Mr. J. F. Fisher, as a study tor a graduation thesis. Mr. Fiaher 
published an extended aci^ount of his experiments in "No. 4, 
Selected Papers of the Civil Engineers' Club oE the University of 
Illinois." Table I, below presented, is a summary of Mr. Fisher's 
results.aa modified by subsequent experiment* made by the writer 
to test certain anomalous results. The writer has also extended 
the table by including other bricks. 
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g 3. Invitations were sent to all the principal makers in all places 
where it was known that especial attention was given to the 
manufacture of paving brick, asking them to contribute samples. 
Not all responded, but samples were received from the following 
places, viz: Bardolph, 111., Bloomington, 111., Charleston, W. Va., 
Columbus, Ohio, Decatur, 111., Galesburg, 111., Sergeant Bluff, Iowa, 
London Mills, 111., and Urbana, 111. This order of arrangment is 
not that given in the tables, the latter bei^g purely accidental. 
For obvious reasons it would be improper to identify the several 
lots; but it is interesting to know that the brick tested included 
samples from the best known makers in Illinois, and from some 
of the most prominent makers of other States. It is important to 
notice that, with the possible exception of brick No. 15 (see 
Tables II and IV), aU the bricks experimented upon have been tested by 
actual service in the pavement, and in every case given entire satisfaction. 
This phase of the subject is referred to further on in this article. 

The second column of Table I shows by whom the samples 
were selected, those marked B being selected by the writer and 
those marked M by the maker thereof. The third and fourth 
columns of the table explain themselves. With one or two unim- 
portant exceptions three or more samples were tested. 

TRANSVERSE STRENGTH. 

§4. The experiments to determine this element were made 
on a Riehle Brothers' testing machine in the Testing Lab- 
oratory of the University of Illinois. The bricks were supported 
on knife edges 6 inches .apart, and the load was applied by 
another knife edge brought to bear midway between, and parallel 
to, the other two. 

The modulus of rupture was computed by the formula : 

SI 
in which TT represents the load, in pounds; 6,d,and ^ the breadth, 
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stone it is the uniform practice to test cubes whose faces are care- 
fully dressed to parallel planes; but there is no settled custom as 
to the manner of testing brick. (1) Some experimenters test half 
bricks, while others test whole ones; (2) some grind the pressed 
surfaces accurately to planes, and some level up the surfaces by 
putting on a thin coat of plaster of Paris, while others leave them 
in the rough; and (3) some test the bricks set on end, some on 
the side, and others laid flatwise. 

1. From a series of experiments* on soft bricks, the writer 
concludes that the crushing strength per square inch of a quarter 
of a brick is about half that of a whole one, a half brick is 
about two-thirds, and three-quarters of a brick about five-sixthSf as 
strong per square inch as a whole one ; or, in other words, the 
strength of a quarter, a half, and three-quarters of a brick, and a 
whole one, are to each other as 3, 4, 5, and 6 respectively. The 
reason for this difference is apparent if a whole brick be conceived 
as being made up of a number of cubes placed side by side, in 
\yhich case it is clear that the interior cubes will be stronger than 
the exterior ones because of th side support derived from the 
latter. The important effect of this lateral support is shown by 
the fact that if pressure be applied to a square inch in the middle 
of the upper face of a brick, the resistance to crushing will be ten 
to twenty times greater than if the parts of the brick not directly 
under pressure were removed, i. e., if the portion under pressure 
were deprived of its lateral support. The quarter brick and the 
half brick have less of this lateral support than the whole one, 
and hence have a correspondingly less crushing strength. 

2. The strength of the specimen will vary greatly with the 
degree of smoothness of its bed surfaces. To determine the differ- 
ence between reducing the pressed surfaces to a plane and leaving 
them in the rough, the writer selected six bricks of regular form 

"/"Engineering News, Vol. XXI, page 88. 



and apparently of the same strength, and tested three in the 
rough and the other three after having reduced the pressed sur- 
faces to planes by laying on a coating of plaster of Paris, which, 
after drying, was ground off to a plane. The amount of plaster 
remaining on the surfaces was just sufficient to fill up the depres- 
sions. Both sets were tested in a hydraulic press between cast- 
iron, parallel (self-adjusting), pressing surfaces. The average 
strength of those that were plastered was 2.06 times the strength 
of those that were not plastered. Other experiments show that if 
the pressed surfaces had been ground perfectly flat, the strength 
would have been increased ten per cent. more. 

3. As before stated, some experimenters test brick flatwise, 
some edgewise, and some endwise. The strength endwise is about 
half to two-thirds of the strength flatwise ; and the strength edge- 
wise is about three-quarters of the strength flatwise. 

All the above shows how indefinite it is to say that the 
crushing strength of brick is so much per square inch, and not 
give full details as to the manner of obtaining such results. The 
writer is decidedly of the opinion that as a test of the quality of 
brick or stone the crushing strength is practically worthless. 
Possibly there are those who believe that it is necessary to test the 
crushing strength to prevent brick which are so soft as to be 
crushed by the wheels of vehicles from getting into the pavement. 
Let us see if this is probable. The crushing strength of a cube 
cut from a good paving brick is, say, 8,000 to 10,000 pounds per 
square inch, and if the pressure is applied on only a portion of 
the upper surface the strength is about twice, as much. The sur- 
face of contact between a wheel having a IJ-inch tire loaded with 
half a ton is roughly about one square inch, which gives a press- 
ure on the brick of only 1,000 pounds per square inch. Therefore 
there is no danger of the brick being crushed. 

The crushing test was made in these experiments simply and 
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solely out of deference to custom. If the crushing strength could 
be accurately determined it would be of value in determining the 
relative strength, and hence would be useful in comparing the 
quality of difierent brick. 

The results for the crushing strength given in the table were 
obtained by crushing approximate cubes between self-adjusting 
parallel cast-iron pressing surfaces, the pressed surfaces of the 
specimens having been made plane either by grinding on an 
emery wheel or by laying on a coat of plaster of Paris. 

RESISTANCE TO ABRASION AND IMPACT. 

§ 8. The abrasion and impact tests were made by putting the 
bricks and a number of pieces of iron into a revolving horizontal 
cylinder. The cylinder was a foundry rattler having wooden 
staves and iron heads, three feet nine inches long by twenty-six 
inches in diameter, and revolved at the rate of twenty-four revo- 
lutions per minute. The iron used consisted of five hundred and 
forty-six pieces of smoothly worn "foundry shot" averaging about 
one-sixth pound per piece and having a total weight of eighty- 
three and one-half pounds. 

The writer has seen reports of abrasion experiments in which 
the brick were "tumbled" with much larger pieces of iron than 
those used in these experiments. In some cases brake-shoes, 
weighing anywhere from five to fifteen pounds, have been used, 
"the loss being determined by weighing the larger pieces of brick." 
Apparently this indicates that the pieces of iron were so large as 
to break the brick to pieces. 

An abrasion test conducted with large pieces of iron does not 
fairly represent the conditions in the pavement. In the latter 
the bricks are supported on all sides except one, and are subjected 
to pressure and percussion on this side ; while in the experiments 
the bricks are probably broken by blows on the flat side — and 
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possibly this too when the brick is supported only at the ends. 
In the experiments here reported small pieces of iron were used 
in the belief that many small pieces more nearly represented 
the conditions in the street than would a small number of laige 
pieces. 

When using large pieces of iron in the rattler, it is customary 
to tumble the specimen only five or six minutes. Obviously the 
longer the experiments are continued the more likely will all 
pieces be worn equally. Hence in these experiments the rattler 
was run three separate half hours. The average loss for each 
half hour, in per cents, of the weight of the original bricks, are 
given in Table II. 

TABLE II. 
Resistance of Brick to Abrasion and Impact. 
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In considering these results it is necessary to remember that 
the loss will decrease as the comers and edges become rounded, • 
and that the rate of this decrease will vary with the form and 
hardness of the bricks. Some manufacturers give their paving 
brick square corners and edges, while some round the edges a lit- 
tle, and a few champher off the edge considerably. Therefore, for 
purposes of comparison, the results obtained for the first half hour 
are the least valuable. Tests for the fourth, fifth, and sixth half 
hours show that after the third half hour the loss is nearly con- 
stant ; and hence the results for the third half hour are suitable 
for use in making comparisons. Taking an average for all the 
bricks in Table II, and calling the amount lost during the third 
half hour unity, then the loss during the second is 1.28 and that 
during the first 2.24. The values given in the last column of 
Table I (page 3), are for the third half hour. 

RESISTANCE OF STONE TO ABRASION AND IMPACT. 

g 9. The above tests for abrasion and impact show only the rela- 
tive resistance of the brick tested, and give no standard by which 
to measure the resistance of other brick or of stone. To aid in 
establishing an absolute standard, and also to afford other experi- 
menters an opportunity of comparing the brick of their locality 
with those tested as above, i. e., with brick whose durability has 
been practically demonstrated by long service in the pavement, a 
number of stones of well known character and which are widely 
distributed were tested under exactly the same conditions as were 
the brick. 

Table III (page 12), gives the results of the abrasion tests of 
stone. The pieces of stone were approximately the size and form of 
the bricks tested. " For reasons similar to those stated in discussing 
the abrasion tests of brick and because in working out the stone 
specimen the tool used probably deadened the surface of the 
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stone which would cause it to wear oflf more easily, the results for 

^the loss during the first half hour are not suitable for use in 

'making comparisons. Taking an average of all the stones in 

Table III and calling the loss during the third half hour unity, the 

loss during the second is 1.18 and the loss for the first is 1.96. 

Three samples of each stone were tested, except that only one 

sample of Nos. 4 and 5 were used. 

TABLE III. 
Resistance of Stone to Abrasion. 
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All the granites except the first are samples from the street 
pavements of Chicago. The identification of the pieces was care- 
fully checked. The marble, sandstone, and limestone — samples 
of well known stones of uniform texture — were included to afford 



other experimenterB further means by wbich to compare the 
abrasion of their bricks with those t«Bted as above. Attempis 
were made to secure other well known stones, but such eflbrte 
have thus far failed. 

RilLATIVE BEBIBTAKCE OF BBICK AND BTOME TO ABRASIOK. 

1 10. Table IV exhibits the loss of the several grades of bricks in 
terms of the loss of the several stones — all being tested under the 

same conditions. 

TABLE IV. 
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Table IV is found by dividing the amount each kind of 
brick lost during the third half hour by the loss of each kind of 
stone during the same time. For example, the loss of brick No. 1 
during the third half hour, as given in Table II, was divided by 
' the loss of Quincy Granite during the third half hour, as given in 
Table III, and the result placed in Table IV opposite No. 1 
in the column headed Quincy Granite. Since the quantities of 
Tables II and III are possibly in error nearly a half unit in the 
last figure, the last figures of the quantities in Table IV can not 
be relied upon. However, this limitation does not materially 
alter the value of the table. Of course a similar table could be 
prepared for any other half hour or any combination of these 
experiments. 

To compare any given brick with those of the above tables, it 
is only necessary to secure samples of any of the stones in Table 
III, and test both brick and stone under conditions as nearly similar 
to those here employed as can be readily obtained. Then deduce 
a table similar to Table IV, and a comparison between these 
results and those of Table IV will show the relative resistance of 
the brick being tested as compared with those in the above table. 
By this means the qualities of any new candidate for public favor 
can be compared with an absolute standard, as say, Quincy Granite, 
and also with any of the above brick — ^all of which are of demon- 
strated good quality. 

g 10a. The following data on the resistance of paving brick to 
abrasion and impact came under the writer's eye after this article 
was supposed to be completed. The experiments were made by 
Mr. George Sattler, of St. Louis, about twelve years ago. The data 
from which Table V was computed were taken from a printed 
copy of a communication of engineers and citizens to the Board 
of Public Improvements of St. Louis, relative to brick as a paving 
material. 
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The experiments were made by "inserting into a tin can hav- 
ing perforations all over it, 960 grains (2 oz.) ol each of the 
materialB, in pieces of equal size, and shaking them many thous- 
and times, and freezing and thawing very frequently," after which 
the amount remaining in the can waa weighed. "These residues, 
therefore, represent the relative resisUance of the several materials 
to invpact and obnuion. It will be seen that in this test (he bricks 
of Mr. Saltier stand close to Missouri granite. We give this eipei^ 
iment upon the representation of Mr. Sattler, and have no doubt 
oE its correctness, the case containing the residue having been 
sent here and, after an examination of the contents to verify the 
respective weights, handed to the Board for its inspection and 
consideration." 

RELATtVE VALUE OF THE TESTS. 

\1\. In the first partof this article has been described a method 
of testing brick to determine the transverse strength, the absorp- 



live power, the specific gravity, the cniahing strength, imd the 
reaistaace to abrasioD and impact. It now remaina to discuss the 
relative value of the several teats. Or, in other words, having 
tested a numberof bricks as above, how may ne determine which 
of the several bricks are the best 1 If the five testa were of equal 
value, the result could be easily arrived at as follows: Form stable 
similar Table I (page 4), except that instead of giving the results aa 
in that table give the rank which the bricks have in the several 
columns of that table. Table VI is formed in this way. Notice 
that Nos. 11, 12, and 14 are omitted because the record for them 
is not complete. 
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If the several tests had equal value, then the number in the 
third column from the right hand end of Table VI would show 
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the relative quality of the different bricks. But the several tests 
are not of equal value. In the first place, owing to difficulty in 
making them the experiments on compressive strength are prac- 
tically worthless. In the second place, absorptive power and spe- 
cific gravity depend mainly upon the same quality, i, e., porosity. 
The value of the absorptive test varies a little with the climate ; 
that is, in a cold climate the absorptive test is of relative greater 
importance, and in a warm climate of less. The properties that 
give a great resistance to abrasion are the ones most to be desired 
in a paving brick; but abrasion tests are not as accurate as tests 
of absorptive power and of transverse strength, and besides the 
transverse strength shows one quality, i. c, toughness, which largely 
determines the resistance to abrasion and impact — particularly 
the latter. As far as the writer can see, the tests for transverse 
strength, absorptive power, and resistance to abrasion are of nearly 
equal value. The last column of Table VI shows the rank for 
the three most valuable tests. 

SPECIFICATIONS FOR PAVING BRICK. 

§ 12. Bricks vary greatly in size and quality, and hence as a 
mere matter of business prudence it is necessary to have some 
standard by which to judge of the quantity and quality of the 
material furnished. As far as the writer has observed, the so-called 
specifications for paving brick really specify or define nothing. 
For example, a very common specification is: "The brick must 
be of the best quality, hard -burned paving brick." Such a require- 
ment puts the manufacturer or contractor at the mercy of the 
one to whom is given authority to interpret the contract and inspect 
the material; while the citizens have no definite idea of the 
quality of brick being used. Practically such a provision is usu- 
ally a dead letter. 
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The most definite specifications for this purpose that the 
writer has seen are the following: "The paving brick shall con- 
sist of the best quality of sound, hard-burned paving brick, made 
and burned specially for street paving purposes; and shall stand 
all reasonable tests as to durability and fitness, to which paving 
material is usually subjected. All bricks shall be square edged 
and straight, free from cracks and other defects, and of uniform 
size, and of a quality to be approved by the Board of Public 
. Works. Three or more bricks of the kind or quality of brick 
proposed to be used in the paving shall be furnished with each 
proposal, the bricks to be labeled with both the bidder's and 
maker's name and address, and be deposited in the oflSce of the 
Board of Public Works before the time of opening the bids." Not 
infrequently a clause is unwisely inserted requiring that the brick 
shall be burned in a particular kind of kiln. The user of any 
commodity should simply specify the qualities desired and leave 
the manufacturer un trammeled in his method of securing that 
quality. 

The latter specifications are better than the former, but do 
not specify much as to the quality of the bricks to be employed. The 
fact that a brick is locally known as "the best quality, hard-burned 
paving brick" is no indication of its quality. A brick called hard 
in one community, in another may be called soft. In recent 
years there has been reported a great diflference in durability of 
brick pavement, varying mainly with locality. Probably this 
difference in durability is due to the difference in the quality of 
the brick. It is impossible from the description of the brick as 
usually given, to get any definite idea of the quality of the mater- 
ial employed. 

In the variability of the product, the manufacture of bricks 
and hydraulic cement are very much alike. All engineers in 
using hydraulic cement are careful to specify not only the condi- 
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tions which the cement should fulfill, but also the method to be 
employed in testing whether these conditions are fulfilled. 
Further, it is unquestionably true that the specifications for 
hydraulic cement employed by some well-known engineers have 
done more to improve the quality of hydraulic cement than any 
other one thing. If brick is to hold its own and grow in 
public favor as a paving material, it will be necessary to take 
advantage of all the teachings of science and experience. 

One of the points that needs attention in this connection is the 
establishment of a standard by which to judge of the suitability of 
any particular brick as a paving material. It is bad business policy 
for the manufacturer of paving brick to even allow the public to 
delude itself as to the service to be derived from a particular 
quality of brick when laid in a pavement. In fact the principal 
danger in the rapidly increasing use of brick as a paving material 
is that brick made in the neighborhood will be employed in 
response to local influence and to the popular cry of helping a 
local industry, without due regard to the quality of the brick. 
Hence the manufacturer should be interested in establishing a 
recognized standard for paving brick. There is a recognized stand- 
ard for the materials employed in all other branches of engineer- 
ing. For example, in iron construction the quality of the material, 
and even the details of the experiments by which this quality is 
to be determined, are rigorously specified. 

Definite specifications are an advantage to both parties to a 
contract. If the provisions of the contract are loose, one con- 
tractor will interpret them one way and put in a bid that can be 
fulfilled profitably only by using inferior material, while another 
contractor will interpret them to require first-class material and 
will bid accordingly. Again, another contractor not know- 
ing the kind of work expected under the loosely drawn specifica- 
tions, bids at such a price that he can put in first-class work, if it 
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is called for, and takes bis chances of being able to satisfy the 

specificaiions with work of lower quality. Or, taking another 
point of view, a committee of the city council visits a number of 
cities to inspect brick pavements, and being well pleased with 
what they saw order their own streets paved with "hard-burned 
paving brick," and make no adequate provision to determine the 
quality and probable durability of the brick employed. With 
the exception of railroads, the paving of the streets of our cities 
represents a larger outlay than any other class of public works. 
Hence the public should be interested in the establishment of a 
recognized standard for all paving materials. The above experi- 
ments were undertaken to determine some absolute standard by 
which to judge of the quality of paving brick. 

g 13. With Tables I, IV, and VI before the engineer, he can 
draw definite specifications for paving brick. For example, it 
would be difficult to conceive of a better paving brick than No. 6. 
They are truly first class. They are on the market in practically 
unlimited quantities, and, to the writer's personal knowledge, of 
apparently as good quality as the samples tested. If this quality 
is desired, it is only necessary to specify, among other obvious sim- 
ple conditions, that three (or five) samples taken at random and 
tested as above shall show a modulus of rupture of 1,600 pounds 
per square inch, an absorption of 1.5 per cent., and the same loss 
by abrasion as Quincy granite (or the corresponding quantity for 
any of the other stones) when both are tested under the s<ame 
conditions. 

If a second quality, but by no means a poor, paving brick is 
desired, make the specifications agree with the tests of No. 3 or 12 
— the two are practically the same; — that is to say, specify that the 
modulus of rupture shall be 1,400 pounds- per square inch, the 
absorption shall not exceed 4.0 per cent., the loss by abrasion 
shall not exceed two times that of Quincy granite. 
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For a third-class brick specify the qualities shown by No. 10; 
that is, specify that the modulus of rupture shall be at least 1,200 
pounds per square inch, the absorption 6 per cent., and the loss 
by abrasion shall not exceed 6 times that of Quincy granite. 

In applying these specifications, it will be necessary to estab- 
lish a limit below which no brick shall go. For example, the 
above specification for first-class brick says that the modulus of 
rupture of three specimens must average 1,600, but it would not 
be permissible for one to be 600. The writer suggests, terUativdy^ 
that if the averages specified above are maintained that a variation 
of, say, 20 per cent, below those quantities be permitted.^ 

§ 14. There are two other items that need consideration in 
drawing specifications for paving brick. The first is size. A brick 
is popularly supposed to be 8 inches by 4 inches by 2 inches ; 
but as a matter of fact while nominally of these dimensions they 
diflfer considerably therefrom. An apparently slight diflference is 
of greater importance than at first thought it seems. For example, 
if reckoned according to cubic contents, brick 8x4x2 inches is 
worth $10 per thousand, brick 8Jx4Jx2J is worth $12.33 
per thousand, and 8jx4jx2J is worth $15 per thousand. 
Paving "blocks" much larger than common bricks are sometimes 
made. 

The second of these items is : The clay from which bricks 
are made frequently contains limestone pebbles, which in burn- 
ing are changed to caustic lime. Any considerable amount of 
lime in paving brick is injurious, since a small quantity of water 
reaching the lime will cause it to slake and disintegrate the brick. 
Hence it should be specified that the paving brick should not 
contain enough lime to cause them to crack when immersed in 
water for, say, 5 or 10 days. 
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DURABILITY OF BRICK PAVEMENT. 

lender this head we will try to find a relationship between 
the wear of brick in the pavement and the traffic passing over it, 
and also try to determine a relation between the abrasion tests 
and the probable durability of the brick in the pavement. 

g 15. The brick designated No. 1 in the preceding tables were 
taken from a pavement immediately in front of the platform 
scales of a coal and grain warehouse. Owing to the width of the 
scale platform, the wheels were limited to a portion of the pave- 
ment about one foot wide. The brick tested were taken from 
this most worn portion. Probably from one quarter to one half 
of the wear due to the feet of the horses came upon the same area 
as that worn by the wheels. It seems to be the prevailing opinion 
among brickmakers and citizens generally that the chief wear is 
caused by the horses' shoes. Intelligent engineers have estimated 
that one third the wear on city pavements in general is due to 
the horses' feet. A careful study of this particular pavement gave 
no indication as to the relative effect of the horses' feet and of the 
wheels. Probably this failure was due to the fact that even the 
wear due to the wheels was hardly perceptible. The driveway 
was level. 

The pavement had been down thirty-nine months to a day, 
and in that time 30,734 tons and 54,416 horses passed over it, as 
shown from the records of the loads weighed. In other words, 
there passed over the pavement 13,604 loads averaging 1.64 tons, 
and 13,604 loads averaging 0.62 tons. Each load was drawn by two 
horses. Excluding the efTect of the horses' feet, the traffic was 
15,367 tons per foot of width. 

An examination of the surface of the bricks showed conclu- 
sively that the only effect of the traffic had been to wear ofT the 
corners and edges of the bricks. This was checked by comparing 
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the depth of the bricks exposed to the traffic, with that of those in 
unexposed portions of the pavement. The wear of the brick due 
to the above traffic was estimated, in volume, by five independent 
observers, the writer being one, and the agreement was astonish- 
ingly close. The average loss as thus estimated was 1.01 per cent. 
Owing to the greater ease with which the square edges of the 
bricks are broken off, it is probable that the greater part of this 
wear occurred during the first part of the time ; but assuming ^ 
that the wear was uniform, we see that if 15,367 tons wore ofT 1.01 
per cent., then 15,250 tons per foot of width wore off 1 per cent. 

§16. An interesting result was obtained by testing a half dozen 
"arch" or "eye" brick of the same manufacture as those designated 
No. 1 in the preceding tables. The bricks tested were removed 
from a pavement for that purpose. They were much harder 
burned than those which the maker calls his best pavers, and 
were what would be called fully vitrified. The bricks were burned 
in an up-draft kiln with outside fire-boxes; and consequently the 
bricks were subjected, during burning, to medium drafts of cold 
air when the fire doors were opened. These drafts chilled the 
bricks and cause them to crack or check. 

These bricks showed a modulus of rupture of 1,593 pounds 
per square inch, an absorptive power of 1 per cent., and a specific 
gravity of 2.19. To compare these results with those for other 
brick, see Table I (page 4). 

In the rattler the softer three of these bricks showed, for each 
half hour, one fifth less loss than that recorded for No. 1 in Table 
II; but all of the harder three broke up during the experiments. 
One of the three that did not break up showed cracks at the end 
of the third half hour which indicated that it too would soon go 
to pieces. By far the greater part of the wear took place along 
cracks or checks which were only revealed in the rattler. This 
is a very undesirable quality for a paving brick, since it will cause 
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the pavement to wear rough, which is undesirable in itself and 
which will increase the destructive effect of subsequent traffic. The 
breaking to pieces in the rattler seems to be fully accounted for* 
by saying that the bricks were brittle. Do the above results war- 
rant the conclusion that "arch" or "eye" bricks are not suitable for 
pavements ? 

These bricks had been in a pavement in front of the platform 
scales of a coal and grain warehouse, for 19 months, during which 
time 23,293 tons and 42,996 horses passed over the driveway. In 
other words, there passed over the pavement 10,749 loads averag- 
ing 1.54 tons, and 10,749 averaging 0.61 tons, each being drawn 
by two horses. The traffic was 11,646 tons per foot of widths exclu- 
sive of the efiect of the horses' feet. The bricks tested were taken 
from that part of the pavement over which the wheels passed. 
The pavement was on about a 5 per cent, grade, i.e., the pavement 
had a slope of five in a hundred. One third of the loads were 
drawn up this grade and two thirds down it. ' As in the other 
case, the condition of the pavement gave no indication of the 
relative wear of the wheels and of the horses' feet. 

' Under the above traffic, 11,646 tons, the softer three of these 
bricks lost 0.97 per cent., or 12,000 tons per foot of width wore off 
1 per cent , which agrees fairly well with the results above for No. 
1. But the harder three had lost only about 0.2 per cent., with a 
possible (but not a probable) loss of 0.5 per cent. The brick were 
very rough when laid, so much so that the workmen had to knock 
off "the whiskers" before laying them. The greater value given 
above for the loss w|ls deduced on the assumption that all the 
pieces broken out of the upper surface was due to the traffic. 
Probably not all of this loss was caused by the traffic, although 
doubtless some of it was. Notice that in either case the loss is 
proportionately small and directly opposite to the relative results 
obtained in the rattler for the harder and the softer of these very 
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hard bricks. Unfortunately it was not possible at that time to 
make further experiments. 

What does this difference of wear in the pavement and in 
the rattler idicate ? The writer is not fully decided in his own 
mindy but is inclined to believe that these results show that brick 
can be burned too hard for use in a pavement. It is a common 
practice to specify that paving bricks shall be "thoroughly vitri- 
fied." Vitrified brick are always very hard, and generally also 
equally brittle and unfit for a pavement. There may be clays 
which make the best paving bricks when burned to vitrification^ 
but the writer does not remember having seen any such. How- 
ever, this subject is not now up for discussion, and, besides, the 
proper course in this respect is to apply tests to the finished pro* 
duct and leave the maker untrammeled in the method of manu- 
facture. 

§17. The brick designated No. 10 in the preceding tables had 
been in service for six years in a pavement which was carrying^ 
per foot of width, a daily traffic of 15 one-horse vehicles, 7 two- 
horse vehicles, and 1 two-ton load. Making the usual assumptions^ 
t. €., that a one-horse vehicle empty or lightly loaded is equal to 
half a ton, and a two-horse vehicle empty or lightly loaded is 
equal to 1 ton, the above traffic is equivalent to 16.5 tons per foot 
of width per day. Therefore, the total wear on these bricks was 
equivalent to a daily traffic of 99 tons per foot of width for one 
year. Allowing 313 days per year, i, e., not counting the traffic on 
Sunday, the total traffic over the pavement was 30,978 tons per foot 
of width. 

It should be stated that in this particular case the above esti- 
mate of the weight of difierent vehicles — the one usually made in 
computations — assigns a weight considerably greater than the 
actual one. This assumption as to the weight of different vehi- 
cles originated in London, where it may have been correct; and 
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it has been adopted in this country apparently without consider- 
ing whether it correctly represents the facts. In the particular 
case in hand, the one-horse vehicles were mostly light one-seated 
buggies, weighing probably about 0.3 tons each, while the average 
weight of the two-horse wagons was probably about 0.6 or 0.7 tons. 
If the traffic be reduced according to the last estimates, then the 
total is equal to 21,400 tons per foot of width. 

To determine the amount the pavement had been worn away 
by this traffic, twenty bricks were taken from the center of the 
street, and another twenty were taken from portions of the side of 
the strret where there had been practically no wear. Each lot 
Wiis cleaned, dried, and weighed. Those from the center of the 
street weighed 6.0 per cent, less than the oihers. It was assumed 
that the lot from the side of the street represented the average 
weight of the bricks when they were laid, and that consequently 
the above difference represents the loss by wear. To check this 
result, pieces were chipped and filed from the side of the brick 
that was down in the pavement, to an amount equal to the wear on 
the top surfaces. This step was checked by submitting the speci- 
mens to an intelligent man who was ignorant of the purpose of 
the test. The brick were then weighed, and the loss computed, 
which was found to vary from 1 to 8 per cent, the average being 
5.37 per cent. The value 6 per cent., found by the first method, 
was considered the more reliable. 

If the first estimate of the traffic be assumed as correct, then 
30,987 tons wore off 6 per cent.; or 5,166 tons per foot of width 
wore off 1 per cent. If the second estimate be taken as the cor- 
rect one then 21,400 tons were required to wear off 6.0 per cent., 
and 3,560 tons per foot of width would have worn off 1 per cent. 

g 18. Possibly the following estimates, although not nearly as 
accurate as those above, may be of some interest. Brick of the 
same manufacture as No. 10, during fourteen years in a pavement 
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wore off somewhere between a quarter and a half inch of 
depth. The exact wear can not now be determined, since the 
original depth of the brick is not known accurately. Neither can 
the traffic during the fourteen years be determined precisely at 
this late day. However, a careful consideration of all the condi- 
tions seems to show that the loss of this pavement was about 1 
per cent, for each 6,000 tons per foot of width passing over it. 

Brick No. 5 had been in a pavement for four years, during 
which time the wear was about 1 per cent, for each 9,000 tons per 
foot of width. 

Brick No. 13 had been in service "near the tfiiddle of a street 
between two large wholesale houses for seventeen years," in a town 
of an average population of, say, 4,000. The writer has no knowl- 
edge as to the amount of traffic the pavement has carried. The 
bricks tested (they were not selected by the writer), showed very 
little wear, certainly not more than 5 or 6 per cent, and possibly 
not half that much. 

BELATION BETWEEN SERVICE IN THE PAVEMENT AND WEAR IN 

THE BATTLER. 

§ 19. Notice that according to Table II, (page 10), brick No. 1 
lost 0.8 per cent, during the third half hour in the rattler, and that 
brick No. 10 lost 3.7 per cent. In the rattler the loss of brick No. 10 
was then 4.6 times as much as brick No. 1. Notice also that 15,250 
tons (see §15) wore 1 per cent, from brick No. 1, while 3,560 
tons (see §17) wore 1 per cent, from brick No. 10. In the 
pavement then, the loss of brick No. 10 was 4.0 times as much as 
brick No. 1 ; while in the rattler, the loss of No. 10 was 4.6 times 
that of No. 1. Considering the nature and method of investigSr 
tion, and particularly that the figures for the loss in the rattler 
are possibly considerably in error owing to omitted decimals, the 
agreement is reasonably close. This then is a fairly good check 
upon the preceding investigation. 
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Notice that brick No. 1 lost 0.8 per cent, in the rattler during 
*/ the third half hour, and that in the pavement 15,250 tons per foot 
, of width caused a loss of 1 per cent.; therefore, we may assume that 
the third half hour in the. rattler was equivalent to a traffic of 
19,000 tons (equal to 15,256 divided by 0.8) per foot of width of 
pavement. Or, we may reason backward from brick No. 10 to 
brick No. 1 thus : 3,560 tons wore 1 per cent, from No. 10, and 
since brick No. 10 lost in the rattler 4.6 times as much as No. 1, 
then the latter should require 4.6 times 3,560 tons or 16,364 
tons to wear ofT 1 per cent. This is smaller than the result 
deduced above, but as the tonnage was more accurately measured 
in the first case that result will be used as the basis of further com- 
parisons. 19,(X)0 tons is the same as a daily traffic of 53 tons for 313 
days, i. e., one year omitting Sundays. 

The wear of the brick in the pavement is due to three causes, 
the wheels of vehicles, the feet of the horses, and the action of 
frost, etc. The effect of the first two is about proportional to the 
tonnage passing over the pavement, while the last depends mainly 
upon the length of service and is therefore nearly independent of 
the amount of traffic. In the examples employed to establish 
the conclusion of the preceding paragraph, the traffic was 
comparatively light, and hence the effect of the weather was 
comparatively great; therefore, if the relation between wear in the 
rattler and service in the pavement as found in the preceding 
paragraph, be employed to compute the probable life of brick in 
a street having a comparatively greater traffic, any error due to 
the effect of the weather will be on the safe side. 

LIFE OF BRICK PAVEMENTS. 

g 20. The first part of Table VII (pages 32-33), gives the data 
concerning the traffic on several streets of various American cities. 
The data are from a paper, "An Account of Some Observations 
of Street Traffic," by Captain Francis V. Greene member of the 



—29— 



American Society of Civil Engineers, published in Vol. 15 pages 
(12S-88), of the transactions of that society. Concerning the 
method of making these observations Captain Greene says : 

"The observations were made under my direction during the 
months of October and November, 1885, by the employees of the 
Barber Asphalt Paving Company, which has an office and works in 
the" ten large cities, viz.: New York, Philadelphia, Chicago, Boston, 
St Louis, New Orleans, Washington, Buffalo, Louisville and 
Omaha. In the arrangments for taking two objects were kept 
in view: first, to leave as little as possible to the judgment of the 
observer; and second, to make the record permanent, so that it 
could be preserved for examination in all its details at any time. 

"The agent in each city was instructed to select the three 
streets in that city paved with stone, asphalt and wood (if any 
existed), which, by common report, had the heaviest traffic in the 
class of pavement used on that street. The record was in every 
case made on six consecutive days (Sundays omitted) at the same 
place, and it was continuous from 7 a. m. to 7 p. m., except when 
darkness prevented. No addition was made for this omission, no 
record was kept during the night, and no addition was made as 
an estimate of night traffic. 

"The printed instructions issued to each observer contained 
the following rules as a guide in estimating weights: 

1-horse carriages, empty or loaded. ] y ,, 
1-horse wagons, empty or light-loaded. I ^^^. ^^ 
l-horse carts, empty. ] ^^' 

l-horse wagons, heavy loaded. ) -r + i 

1-horse carts, loaded. I dsT s 

2-hor6e wagons, empty or light-loaded, j ^^ ^ 

Wagons and trucks drawn by two or | ^ n. 

more horses, and heavy-loaded, j ^^^* ^^®* 

" ^Special note will be made, in the column of remarks, of any 
unusually heavy loads, such as 6-horse trucks loaded with stone 
or iron, and an estimate given of their weight.' 

"The traffic is divided into three classes, light weight (less than 
one ton), medium weight (between one and three tons), and 
heavy weight (more than three tons); and in order to reduce the 
personal equation of the different observers to a minimum, the 
directions specify what classes of vehicles are to be counted in 
each class of weight. Nothing is then left to the observers judg- 
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ment and estimation except the question of *heavy* and ^ight* 
loads in one-horse and two-horse wagons. The result of different 
estimation in this respect between two observers would simply 
change a jj^rtion of the vehicles by one class, and the error in the 
final result could hardly exceed five per cent. 

"I have discarded the weight of the horses altogether, not 
because they do not constitute a factor in the wear of the pave- 
ment, but because they were discarded in the English reports, ind 
I desired as far as possible to make comparisons with them. The 
addition that would have to be made if the horses were included 
would vary with the traffic. On street-^ where light vehicles pre- 
dominate (as on Fifth Avenue), the addition to the tonnage by 
including the weight of the horses would be about 85 per cent.; 
on streets with heavy vehicles (such as Wabash Avenue, in Chicago), 
it would be only about 40 i)er cent.; and for other streets it would 
be between these two limits. 

"The average daily traffic was obtained by dividing the total 
record for six days by six. JTo obtain the tonnage, I estimated 
the light-weight vehicles to average one-half ton each (including 
their loads), the medium weight two tons, and the heavy weight 
four tons.i Multiplying the daily average of vehicles in each 
class by these figures and adding together the products, the total 
tonnage was obtained; and dividing this by the width between 
curbs, we get the daily average tonnage per foot of width. 

"The average tonnage per vehicle is an almost infallible indi- 
cator of the character of the street, i. e., whether devoted to resi- 
dential or business purposes. It ranges from 0.68 tons on Fifth 
Avenue to 2.08 on a portion of Wabash Avenue in Chicago. The 
same character is indicated by the proportions of light and heavy 
vehicles on the street. On Fifth Avenue, for instance, 91 per cent, 
of all the vehicles weigh less than one ton, while on Wabash 
Avenue only 25 percent, of them have so little weight. The 
general average for all the cities is as follows : Less than one ton, 
67 per cent.; between one and three tons, 26 per cent.; more than 
three tons, 7 per cent. The average tonnage per foot in each city, 
80 far as here#)bserved, varies from 151 in New York to 30 in 
Buffalo, and the general average is 77. For all the cities in the 
table, the average daily tonnage per foot of width is 77 j and varies 
from 273 tons on Broadway to 7 tons on a granite street in St. 
Louis. The average weight per vehicle is, for all the cites, 1.15 
tons. The average width of the street between curbs is 44 feet." 

♦According to the observation of the writer of this article, in five of these cities 
during the past summer, this estimate seems to assign too much tonnage to the 
"light weight" and "medium weight" vehicles. 
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Tiie only streets of Table VII (pages 32-33), which were paved 
with wood at the time the observations were made were as follows : 
in Boston, Devonshire Street; in Chicago, La Salle; and in St. Louis, 
Chestnut. The others were paved with granite or asphalt In 
this connection it is interesting to note that in London some of 
the hfeaviest traffic streets, i.e., streets carrying 300 to 400 tons per 
foot of width, are paved with wood. 

§ 21, In the preceding section it was shown that a daily traffic of 
68 tons, exclusive of the effect of the horses' feet, wore 1 per cent. 
from a pavement laid with the brick designated No. 1 in all the 
preceding tables. The length of service was 39 months; the average 
weight SE the load passing over the pavement was 1.13 tons (see 
§ 15), as determined from the records of loads weighed. Notice 
that this is almost exactly the average weight of the vehicles 
observed by Captain Greene. 

If a daily traffic of 53 tons wore off 1 per cent, then a pave- 
ment laid with the brick designated in the preceding tables as 
No. 1 and subjected to a traffic of 53 tons per foot of width would 
nominally last 100 years, and a pavement subjected to twice tha^ 
traffic would last half as long, and similarly for traffic of any other 
intensity. In this way were computed the quantities in the column 
numbered 1 of Table VII (pages 32-33). Brick No. 3 lost in the 
rattler during the third half hour 3.2 times as much as No. 1, and 
if we assume that the relative durability in the pavement is the 
same as in the rattler, then the life of brick No. 3 can be found by 
dividing the quantity in column numbered 1 (the seventh col- 
umn) of Table VII by 3.2. In this way was computed column 3 
of Table VII, and similarly for the remaining columns. 

Of course bricks could not be used in a pavement until they 
hatd lost 100 per cent. In one case the writer knows of brick 
which were originally 2x4x8 inches set on edge that have been 
worn down half their depth and still give no indication of difficulty 
in keeping them in place. Therefore it appears that the pave- 
ment will last at least until 50 per cent, of the depth of the upper 
course has been worn off, and there are some intelligent men who 
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believe that a brick will keep its place in a pavement until it is 
three fourths worn out. 

Notice that if Captain Greeners estimates for the tonnage of 
"light-weight" and "medium-weight" vehicles are too great, as 
referred to above, then the quantities in columns 1-15 of Table 
VII are proportionally too small. • 

Table VII was extended to the full limit of all the available 
data, to afford the readers of this article a better opportunity for 
making comparisons. For example, a m^n who is personally 
familiar with the trafl&c of Broadway, New York City, by inspecting 
the top line of this table can form an opinion as to the durability 
of brick on that thoroughfare. Or a man who is personally 
acquainted with the wearing power of brick No. 10, or who man- 
ufactures a brick which gives the same results in the laboratory tests 
as No. 10, can judge of the durability of that brick under trafl&c 
of various intensity, by inspecting column 10 of the table. 

Of course the the table is not infallible, but is intended only 
as a rough approximation. In fact all of the preceding discussion 
is offered as indicating a method by which the durability of brick 
paving may be investigated, rather than as affording definite con- 
clusions. It is greatly to be desired that some firm or association 
or municipality shall undertake a thorough investigation of the 
durability and economy of brick as a paving material. Unques- 
tionably bricks possess many characteristics which commend 
them for paving purposes. 1. They make a practically noiseless 
pavement. 2. They fit so 'close that there are no inter-spaces to 
retain filth and breed disease. 3. A brick pavement is easily 
cleaned. 4. A brick pavement is easily repaired. 5, The bricks 
can be made of any size and shape for gutters, slopes, etc., without 
much, if any, additional cost. 6. Brick pavements are so smooth 
as to reduce the tractive power, and wear and tear on vehicles 
almost to a minimum. 7. Bricks do not polish under wear, and 
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hence always afford a good foot-hold to horses. 8. Good paving 
brick are not affected appreciably by moisture, frost, or fire. 
9. The first cost of a brick pavement is less, at least in many 
localities, than any fairly durable pavement. Therefore, on the 
score of health and comfort, and first cost, brick pavements have 
much to commend them. The only debatable question is that 
of economy. 

The economy of a pavement depends upon its first cost and 
upon the cost of maintenance. The first cost is an item that can 
readily be determined, in any particular case, with reasonable 
accuracy. Bat the first cost of a pavement is only one of the 
factors which determine its cost in a number of years. To deter- 
mine this it is necessary to take account of the cost of mainte- 
nance and the interest on the first cost. It is said that in the 
twenty cities of this country which have a population of over 
100,000 each, the pavements represent an investment of $250,000,- 
000 — a trifle over $40 per capita for the inhabitants of those cities. 
If the money value of the pavements of the other cities were 
added to the above value, the total would indeed be a large sum. 
Furthermore, there are many cities that at present are deterred 
from laying pavements owing to the great expense and unsatis- 
factory conditions of pavements in the past. All of this shows 
how important it is that pavements should fulfill, thoroughly and 
yet economically, the purposes for which they are designed. 

The cost of maintenance depends upon the amount of traffic, 
the quality of the material, and the method of laying it. The 
last is the least important, but it is the one that has received the 
most attention. Whatever the kind of pavement, the volume of 
the traffic is a necessary element in determining the cost of main- 
tenance. Unfortunately there are but few data on this subject, 
and what little there was taken according to such diverse systems 
as to rob them of much of the value that they might otherwise 
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have. It is very desirable that those having charge of pavements 
should determine the amount, kind, etc., of traffic passing over 
them. Such data would be of very great value in determining the 
cost of maintenance. 

We already have a fairly good knowledge of the qualities of 
many of the materials employed for paving, and are reasonably 
well versed in the method of testing them ; but brick is a material 
only compamtively recently employed for paving purposes, at 
least in this country, and at present there is no standard by which 
to judge of its quality. One of the objects of this article has been 
to present some data bearing on this point; and if such data 
shall be useful or interesting to any one, or if this article shall 
stimulate others to make further investigations, it will not have 
been written in vain. 



The data concerning the experiments below came to hand 
after the above article was completed, but are here added because 
of their interest and bearing upon a question of general interest. 
So far as the writer has observed the only reference in the litera- 
ture of pavements to these experiments is a very brief item which 
has frequently been quoted in the technical press and in reports 
on the paving question. 

ST. LOUIS EXPEKIMENTS.* 

g 22. The city authorities of St. Louis, Mo., made some experi- 
ments in 1878 on the durability of brick pavement, by rolling a two- 
wheeled cart back and forth over narrow strips of the pavement 
to be tested. The wheels were 3 feet in diameter, and the tires 



*The data concerning these experiments is derived from a manuscript copy of 
an oflacial report to the Board of Public Improvements of the City of St. Louis, Mo., 
kindly loaned for this purpose by Hon. M. J. Murphy, Commissioner of Streets of 
St. Louis. The writer is under obligations to Mr. T. H. Macklind, engineer in 
charge of street reconstruction, for courtesies connected with the preparation of this 
part of this article, 
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were 2 J inches wide. To the axle of the cart was fastened a box 
into which weights could be placed. Observations having shown 
that in St. Louis the average load per wheel of loaded vehicles 
was 700 pounds per inch of width of tire, the weight in the box 
was ordinarily adjusted to give 800 pounds per inch of width of 
tire of the experimental machine. The cart was moved backward 
and forward over a space of 7 feet. The number of trip was 
recorded mechanically. The speed of the wheels changed from 
absolute rest at the end of each stroke to over 3 feet per second 
(somewhat over 2 miles per hour) at the center of the boxes. 
This is about the average speed of heavy vehicles. 

The paving material to be tested was placed in boxes 8 feet 
long and 22 inches wide, in the clear, one of these boxes being 
placed under each wheel. To expose successively the whole sur- 
face of the material to the action of the wheels, the boxes were at 
certain intervals moved sideways by jack-screws. 

The official report says: "The effects of temperature and 
moisture, which are very destructive on some kinds of material, 
are not taken into account in these tests. The tests of wood, 
asphaltum, and macadam made by the machine will, therefore, 
not give reliable results as to the life of these pavements, while 
those for block pavement of stone will give tolerably correct 
results." Since even fairly good paving brick are not appreciably 
affected by temperature and moisture when laid in sidewalks, it 
appears that the above tests should give approximately accurate 
relative results for brick as compared with granite. 

The report above referred to makes the following statement 
concerning the traffic on the streets of St. Louis. No explanation 
is given of the way in which the^traffic was determined. "With- 
out counting unloaded vehicles and those provided with springs, 
which generally carry light loads and which under any circum- 
stances have much less effect on a pavement than those without 
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springs, * * the average daily tonnage carried over each foot 
in-width of our pavements accommodating heavy traffic may be 
set down at 35 tons. * * * The injury to pavements by the 
hoofs of horses is estimated at about one third of that caused by 
wheels, and therefore the total abrading action of the wheels and 
horses combined may be set down as being 35 plus one third of 
35, or say 50 tons per day per foot of width of pavement of streets < 
carrying heavy traffic." Hence in comparing the results obtained 
with the cart above referred to, it was assumed that 50 tons of 
that artificial tonnage was equivalent to one day in the pavement 
of the average heavy traffic street of St. Louis. 

Notice that the above estimate does not include "unloaded 
vehicles and those provided with springs," but assumes the effect 
of the horses* feet to be 15 tons per day per foot of width, i. e, 
assumes that the effect of the horses' feet is two sevenths of the 
effect of the wheels. It would seem that the former ought not to 
have been omitted and also that the latter is over estimated. 
However one error tends to neutralize the other, and the only 
thing that can be done now is to assume that one exactly neutra- 
lizes the other. 

EXPERIMENT WITH BRICK AND ASPHALT BLOCKS. 

§ 23. The first experiment was made with "asphaltum blocks" 
under one wheel of the cart and "bricks of fire-clay" under the 
other. The former were 4 inches wide, 5 inches deep, and 12 
inches long. Twenty-three such blocks weighed 499 pounds. 
The bricks were 6 inches wide, 7 inches deep, and 8J inches long.. 
Nineteen such bricks weighed 496J pounds. "The bricks being 
only 8J inches long the travel of the wheels for both materials 
was necessarily confined to a strip of that width. The machine 
was set in motion without any load except the weight of the cart, 
amounting to say 700 pounds [140 per inch of tire], and in this 
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condition made 41,979 revolutions, i, e., each wheel made 83,958 
trips over the material under test. The wheels were then loaded 
with 2,200 pounds of lead, making the total load 2,900 pounds 
[580 per inch of tire], and with this load the machine made 
24,421 revolutions. Next 1,100 more pounds of lead were placed 
in the box, making the total weight on each wheel 2,000 pounds 
[800 per inch of tire], and under this load the machine made 
54,955 revolutions." 

In reducing the results the officials of St. Louis -disregarded 
the wear when the cart was empty and also when the medium 
load was in the cart, but the writer of this sees no reason in so 
doing. With the lightest load the tonnage was 20,700 tons per 
foot of width— equivalent to 50 tons per foot of width for 1.1 years 
of 365 days (the length of year employed in the official report). 
With the medium load the tonnage was 49,990 tons — equivalent 
to 2.6 years. With the heaviest load the tonnage passing over 
the material being tested was 155,000 tons— equivalent to 50 tons 
per foot of width for 8.3 years. The total wear was then equiva- 
lent to a service of 1.1+2.6+8.3 =11.0 years in a pavement carry- 
ing a traffic of 50 tons per foot of width. 

During the entire experiment the asphalt blocks lost 14 per 
cent of their weight, and the bricks lost 9 per cent. The total 
tonnage was 225,500 tons per foot of width. Therefore a tonnage 
of 16,100 tons per foot of width caused the asphalt blocks to 
lose 1 per cent., and 25,000 tons per foot of width wore 1 per cent, 
from the bricks. Compare the last result with those deduced in 
§ § 15, 16 and 17. Notice, however, that the traffic considered in 
§ § 15, 16 and 17, was actual travel in the street, while that considered 
in this section is artificial and does not include the effect of the 
horses' feet and the weather. 

Before closing the discussion of this experiment, it is proper 
to record that "about one half of the brick broke into pieces, 
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while only one asphaltum block was broken." On the other 
hand, it is only fair to record also that the maker of the brick 
claimed,* at the time the experiments were made, that the brick 
were an experimental lot and imperfectly made and "badly 
burned, so that he was not satisfied that they should go under the 
testing machine as they were, and requested that they might be 
broken up and tried as macadam, but owing to a misunderstand- 
ing they were put under as received." 

NON-OFFICIAL EXPERIMENTS WITH BRICK.! 

§ 24. The manufacturer of the above brick had others made of 
smaller size and under more favorable circumstances, which were 
tested with the same apparatus, at the same place, under exactly 
the same conditions as the ofl&cial tests above. Thirty-five 
"hydraulic pressed brick" were placed under one wheel, and 
thirty-one "hand-made pressed brick" under the other. The cart 
was then moved back and forth. In the same track, until 146,000 
transits had been recorded. This was a tonnage of 146,000 tons 
on 2 J inches, which is equivalent to 700,800 tons per foot of width 
— a tonnage equal to 35 years of a street carrying a daily traffic of 
60 tons per foot. The loss was roughly measured and pronounced 
to be about one eighth of an inch for the "hand-made trick" and 
one quarter of an inch for the "hydraulic pressed brick." The 
experiment was then continued until the cart had made 148,692 
transits — equivalent to 713,760 tons per foot of width. The wear 
of the "haad-made brick*' was then "very carefully measured and 
the average was found to be 0.15 of an inch. 50 per cent, of the 
brick showed a wear less than 0.12 of an inch, 34 per cent, a wear 
between 0.16 and 0.19 of an inch, and 16 per cent, from 0.25 to 
0.31 of an inch. Only three were broken." 



*8ee page 5 of printed copy of report of committees of engineers and citizens 
made to the Board of Public Improvements of St. Louis, on June 4th, 1881. 

fThe data for g g 23 and 24 are from pages 6-8 of the report just referred to above. 
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The brick were 4 inches deep. Therefore wearing off a depth 
of 0.15 of an inch from the "hand-made brick" was equivalent to 
wearing off 3.75 per cent. Then if 713,760 tons wore away 3.75 
per cent, to wear away 1 per cent, required 190,000 tons. With 
the "hydraulic pressed brick" 95,000 tons caused a loss of 1 per 
cent Comparing these results with those obtained in § 22, we 
see that these bricks were very much better than those employed 
in the official test. 

The brick employed in this experiment are Nos. 4 and 5 of 
Table V (page 15). 

§ 25. Brick of the same manufacture and apparently of the 
same quality as those employed in the test described in the pre- 
ceding section, were laid in two portions of the streets of St Louis 
as an experiment. The following quotations are extracts from 
the report of citizens and engineers appointed to examine these 
pavements : 

"At your request we have examined a section of the Sattler 
brick pavement, 29 feet in length, on Second Street near Pine ; 
and also a section on the track of the Pine Street horse railroad. 
According to your statements, both these pavements have been in 
use for tvx) years and twenty days, without any change or repair 
during this time, except the change of position from the north 
side to the south side of Pine Street, the same surfaces being 
retained in their new positions. The bricks on Second Street are 
4 inches wide, 4J inches deep, and 9 inches long. Those on Pine 
Street are 2J inches wide, 4| inches deep, and 9 inches long. 
Those on Second Street are laid on the foundation boards of a 
former wooden pavement Those on Pine Street seem to be laid 
on loose sand and dirt. 

"In our presence there were dug up, with a steel-pointed 
crow-bar, a number of the brick from thf. Second Street pavement, 
in two diflerent places, chosen as being the places where the max" 
imum wear by hoof and wheel would, it was believed, be manifest. 
It is believed that no portion of any of our streets is subject to a 
greater and harder use that would both wear and break the mater- 
ial of the pavement than this. None of the bricks taken up were 
broken except as they were broken by the necessary blow of the 
crow-bar, handled for the purpose by strong men, in digging them 
up. Four of those taken up were placed so as to give their com- 
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bined height as worn, and by the side of them were placed four 
never used but of the same size. The difference between their 
respective heights was only half an inch, making only one eighth 
of an inch wear to each brick. The edges of the brick were 
broken off by their use, and the surfaces roughened just about 
enough, it would seem, to make good foot-holds for the horses. 

"Bricks weire taken up in our presence from the Pine Street 
track* and from the place selected, being the place which would, 
it was believed, be mod exposed to the use and wear of vehicles 
turning the comers from Pine into Fifth Street, and from the 
latter into the former. The old and new were placed side by side 
as in the former case, and no appreciable surface tuear was found. 
But the edges were broken, making good foot-hold for the horses. 
Drivers of the cars on this track, with the experience of all the 
seasons, being consulted, said that no portion of the track was so 
pleasant for the horses, and safe from dipping as this.** 

Let us see if we can arrive at any relation between the wear 
and the tonnage, for the Second Street pavement referred to 
above. In § 22 it was shown that the average traffic of the busi- 
ness streets of St. Louis was 35 tons per day per foot of width 
^'without counting unloaded vehicles and those with springs." It 
seems that the omitted traffic would certainly amount to, at least, 
15 tons; and hence we will assume that the total traffic was about 
50 tons per day per foot of width. The loss in surface wear during 
two years was one eighth of an inch — equal to 2.8 per cent, of the 
depth of the brick. In this time there had probably passed over 
the pavement 50X365f X2=36,500 tons. According to this basis 
13,000 tons wore off 1 per cent. (See g 15.) 

The experimental pavement at the corner of Second and Pine 
was removed to make way tor granite blocks and "was re-laid at 
the entrance of the Missouri Pacific R. R. freight house where the 
traffic is very heavy. After five years of hard service, the bricks 
show but little evidence of wear.**! 

*" Note— Two lines of cars pass over this track." 

fXhe length of year employed in all of the oflScial reductions of traffic experi- 
ments and observations is 365 aays, and hence it is probable that the average ton- 
nage was deduced on the same basis. 

IReport of J. E. Mohan on brick pavements read before a meeting of property- 
holders, January, 1888. 



Nothing is known to the writer about the traffic over the 
brick pavement laid in the Pine Street horse-car track, and hence 
no estimate, not even an approximate one, can be made of the 
relation between tonnage and rate of wear. Apparently this 
pavement did not wear as much as that on Second Street, but 
perhaps the difference was only apparent and was due to errors of 
observation in determining the wear. 

MACADAM. 

§ 26. We toI resume the consideration of the official tests 
made under the direction of the Board of Public Improvements of 
St. Louis— see § § 22 and 23. 

The second official experiment consisted in filling one of the 
boxes — depth 1 foot — ^with "limestone macadam broken to a size 
of 2} and 3 inches, without any admixture; and in filling the 
other box with the same macadam, the interstices of which were 
filled with sand washed in." 

In order to compact the material somewhat before allowing 
the concentrated pressure of the wheels to act on it, flat plates of 
iron were first placed on the material, and flie wheels were 
allowed to travel over these plates for some time before being 
brought to act directly on the macadam. With the clear mac- 
adam the cart made 3,435 trips on the iron plate and 1,400 trips 
on the broken stone. 

In building macadam roads it is the custom to thoroughly 
compact the broken stone by rolling before allowing traffic to pass 
over it. Probably no amount of rolling with the above machine 
vnth an iron plate intervening between the macadam and the 
wheels, would do more than compact the broken stone the 
amount customary in ordinary practice. Therefore, we will 
assume that the durability is fairly measured by the wear during 
the time the wheel was in contact with the macadam. In the 
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beginning' the box contained 1,154 pounds of broken stone ; and 
* at the end of the experiment only 454 pounds remained 
uncrushed. The loss was, therefore, 700 pounds or 60 per cent. 
The area rolled was 7 feet by 22 inches, which is 12.67 square feet. 
The total tonnage was 1,400 tons on a width of 22 inches ; or 75.5 
tons per foot of width. Therefore the loss per square foot of 
exposed surface was 0.74 pounds of macadam per ton of traffic. 
Or, to state this result in another form, since 1,400 tons on 22 
inches caused a loss of 60 per cent., 12.7 tonsjapr foot of width 
caused a loss of 1 per cent. This result is comjSrable with those 
obtained in g 22, where it was shown that 25,000 tons were required 
to wear 1 per cent, from a brick pavement, and also that 16,100 
tons wore 1 per cent, from the asphalt blocks. 

The loss of the mixture of broken stone and sand was only 
82 per cent, of that of the clear macadam; or, in other words, 
about 16 tons per foot of width were required to wear away 1 per 
cent. 

In actual practice, the effect of temperature, moisture, wind, 
etc., would probably have very greatly increased the loss of the 
macadam. However, the official report says : "The value of the 
experiments with the macadam is somewhat doubtful for several 
reasons [one of which was that "very inferior macadam" was 
employed.] * * However, the experiments, even if it be con- 
ceded they were made under circumstances adverse to the mac- 
adam, can not fail to impress every one very strongly with the 
utter worthlessness of this material for paving purposes on streets 
traveled by heavily loaded teams." 

LIMESTONE BLOCKS AND GRANITE BLOCKS. 

§ 27. The third experiment was made upon limestone and 
granite blocks. The blocks were 4 inches wide, 7 to 14 inches 
long, and 7 to 8 inches deep. All were firmly set in a bed of 



8and. After the machine had made 81,460 trips, the loss of the 
granite was inappreciable, while the limestone had lost 10.1 per 
cent Therefore 4,400 tons per foot of width caused the lime- 
stone blocks to lose 1 per cent. Compare this result with those 
it §§ 23 and 26. 

§ 28. The fourth experiment was made by substituting pat- 
ent wood blocks (4X6X12 inches) for the limestone blocks of the 
preceding experiment, and continuing the granite blocks. The 
passage of 94,285 tons caused the wood to lose 4 per cent.; or 
12,900 tons per foot of width caused a loss of 1 per cent. The 
total tonnage over the granite was 175,745 tons, which caused a 
loss of 1.4 per cent., or 70,000 tons caused a loss of 1 per cent. 



TABLE VIIL 

Summary op the St. Louis Experiments, Showing the Artificial Tonnage per 
Foot op Width Required to Wear 1 Per Cent, from the Several Materials. 



Ref. No. 



1 
2 
3 
4 
5 
6 
7 
8 
9 



Materials. 



Limestone Macadam, clear. 



It 



with sand. 



« 



Blocks. 



Patent Wood Blocks 

Asphaltum Blocks 

Sattler's Brick (ofl&cial test) 

Granite Block 

Sattler's Brick, "hydraulic pressed" (non-official 

test.) 

Sattler's Brick, "hand-pressed" (non-official test.) 



Tons. 



13 

16 

4,400 

12,900 

16,100 

25,000 

70,000 

95,000 

190,000 



